TITLE OP THE INVENTION , 

Me'bhod of Manuf ac_t:urinq an Annular Member Made pf a Me-tal Sheet: 



Having a Peripheral Wall 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention 



The present invention relates to a method of manufacturing 

>^ \ 

an annular member made pf a metal sheet used for a pulley or 
the like, particularly, an annular member made a metal sheet 
having a peripheral wall, the peripheral wall has a shape of 
protruding to either side of a plate-like base portion 
surrounded by the peripheral wall. 



2 . Description of the Prior Art 

A conventional method of manufacturing this kind of annular 
member made ^ a metal sheet, is schematically shown in Figs. 
13 to 15. According to the manufacturing method, a disc-shaped 
material 1 made ^^^^*the metal sheet, having a predetermined 
thickness T3 shown in Fig. 13, is employed thereby manuf acturing 
the member. In other words, the material 1 is held between a 
pair of dies^not shown in^Figures, thereby rotating the material 



1 with the dies, while, against an axial center portion of an 
outer periphery of the material 1 as shown in Fig. 14, a roller 

2 for splitting the outer periphery of the material is pressed 



to split the outer periphery of the material in a forked state, 
^ thereby forming a split^fe-irf^ portion 3, As shown in Fig, 15, 

against the splitt«^ portion 3, a forming roller 4 is pressed, 
thus forming a peripheral wall 6 protruded on both sides of a 



5 non-processed portion 5. 

^ow Q v^r'f^^^^ to the conventional manufacturing 



0/ 



method described in Figs. 13 to 15, the outer periphery of the 

material 1 is split, thereby forming the split^^ift^ portion 3 

which is axially extended to form the peripheral wall 6. As 

10 a result, a thickness T3 of the disc-shaped material 1 made of 

the metal sheet is required to be at least 2 or more times ^ 

thickness required tc/^'^^^^^eripheral wall 6. In other words, 

A 

it is required to employ the thick material 1 before forming 
the peripheral wall 6 of the determined thickness T4, and the 
15 thickness T3 of the non-processed portion 5 has the same 
measurements as the thickness T3 of the original material 1 
whereby there is a problem wherein it is difficult to achieve 
a produced annular member having q light weight . 

Moreover, it is difficult tna - t - a > thickness T4 of the 
Qy 20 peripheral wall ^^"^ finished so as to be larger than the 
thickness T3 of the non-processed portion 5 , In order to finish 
it as mentioned above, there has been a problem wherein a 
thickness disposal of the peripheral wall in a post step must 
be additionally conducted. 

25 
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SUMMARY OF THE INVENTION 

The present invention h oo bo o n rnnciuctcd in vioa^ . o£ the 
above mentioned problems and circumstances. According to the 
present invention, a thin disc-shaped material made of a metal 
sheet is employed to make it possible to form a peripheral wall. 
Accordingly, ^fe+te object of the present invention is to provide 
a manufacturing method ^^^Yib annular member made of a metal 
sheet, having the peripheral wall, easily leading to -fefee annular 



member t e be produced , teQii=ig lightv^roigh -t . 

In addition, another object of the present invention is 
to provide a manufacturing method .^^'an annular member made of 
a metal sheet, having a peripheral wall, which can make the 
peripheral wall thinner or thicker than a non-processed 
portion . 

A method of manufacturing an annular member made a metal 
sheet having a peripheral wall according to the present 
invention, comprises the steps of: 

rotating a disc-shaped material made of a metal sheet, 
pressing an outer periphery of the material in a radially 
inward direction, while^ rot - ating the^ material, 

thickening t h^^g ^ter periphery axially by pressing it,J^' 
protruding the outer periphery to either side of ^ 



non-processed portion of the material, and 

forming a peripheral wall protruding to ^fe^ either side 
of the non-processed portion. 
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The present invention is not a method wherein an outer 

periphery of the material is split before it is developed, 

thereby forming the peripheral wall, but a method wherein the 

outer periphery thereof is axially thickened while extending 

it to t±re both sides of the non-processed portion of the material, 

A 

thus fprmijrig the peripheral wall. Accordingly, even if the 
'material is too thin to be split, the outer periphery of the 
material can be formed as a peripheral wall protruded to -ferhre^ 
both sides of the non-processed portion. Additionally, there 
is formed a peripheral wall having a thickness corresponding 
to a radial width of the outer periphery of the material formed 
as the peripheral wall. Consequently, a width thereof is 
appropriately predetermined, thereby easily making it possible 
to make the peripheral wall thicker or thinner. As a result, 
it is also possible to thicken the peripheral wall more than 
the non-processed portion. 

According to the present invention, in an intermediate 
phase of the step of thickening the outer periphery of the 
material axially, a preliminary peripheral wall may be formed 
so that the outer periphery thereof may have an axial center 
portion which is more outwardly protrusive than^axial-feeth ends, 
in an arc-shaped state. Thus, the outer periphery of the 
material is formed as the preliminary peripheral wall shaped 
as mentioned above, before forming it as the peripheral wall 
protruding to both of the non-processed portion. As a 



result, all steps from an initial forming step to a finishing 
Ay' step of finishing the outer periphery of the material into the 

peripheral wall thereof can be unforcedly conducted. 

Moreover, according to the present invention, in advance 
5 of forming the preLiminary peripheral wall, the outer periphery 
^ of the^material may be formed so that a sectional face thereof 

may have a substantially circular shape. Thus, the outer 
^ J periphery of the material is formed so that the sectional face 

thereof may have a substantially circular shape, before it is 



'•1— 



10 formed as the preliminary peripheral wall having the above shape . 
Thereafter, the peripheral wall protruding to r tho - both sides 
of the non-processed portion is formed by stages, thereby 
enabling the steps from the initial forming step to the 
'iO finishing step of finishing the outer periphery thereof into 

IM: 15 the peripheral wall thereof to be further unforcedly conducted, 
ffi Herein, the above expression of "a sectional face thereof may 

have a substantially circular shape" includes cases wherein a 
sectional shape is an exact circle, a shell-shaped circle, and 
a distorted circle. 
20 Moreover, preferably, the present invention adopts a 

method comprising the steps of: 



holding the non-processed portion of the material between 
a pair of dies, 
^ rotating the^material with the dies, 

25 pressing a forming surface of a forming roller against 



m 

a 



the outer periphery of the^ material , and -^^^'^^^ 
^ rotating the forming roller together with the^ material . 

In this case, the steps of forming the annular member having 
/v/ the peripheral wall o f the disc-shaped material made o- f— the 
^l/^ 5 motal ohoot can be unforcedly conducted. 

Furthermore, preferably, the present invention includes 
a finishing step of finishing the preliminary peripheral wall 
protruding to either side of the non-processed portion, in a 
=. predetermined shape. 

10 In case of adopting the manufacturing method, the 

preliminary peripheral wall can be finished so as to lead to 
the peripheral wall having an optional shape. As a result, for 
example, the outer peripheral surface of the peripheral wall 



C can be finished so as to be axially flat or axially curved in 

IH^ . \h an arc-shape, or a flange can -fee protruded to axial feo^ ends 
=3 of the peripheral wall, or a poly-V-groove can be formed on the 

. outer peripheral surface of the peripheral wall. 

Other features and effects of the present invention are 
^ further clarified by embodiments described ^ below. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA and IB are diagrams of a chevron po - r . tion-form 4.ftg* 
* >9 ^ ^top of form -jrftg a chevron portion. 

Figs. 2A and 2B are diagrams o . f a substantiall-y c-Ti ig^A-ira^: 



25 portio ji — forming — stop of — forming a substantially circular 
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portion . 

Figs. 3A and 3B are diagrams of a prcliminarcy poriphcra -i: 
wa- 11 forming Gtop - of formiTi g a preliminary peripheral wall. 

Figs. 4A and 4B are diagrams ® - f . - a rough peripheral waM 



5 forming stop of forming a rough wall. 

Figs- 5A and 5B are diagrams of a peripheral wall form jrR-g^ 



4^' 



^ gt o p of f ormiing a peripheral wall (i.e., a finishing step). 

Fig . 6 is an enlarged sectional view of the chevron 
portion. 

10 Fig. 7 is an enlarged sectional view of the substantially 

circular portion- 
Fig. 8 is an enlarged sectional view of the preliminary 
peripheral wall . 

Fig - 9 is an enlarged sectional view of the rough 
15 peripheral wall. 

Fig. 10 is an enlarged sectional view of the peripheral 

wall . 

Fig. 11 is an enlarged sectional view of a peripheral wall 
according to a modification. 
20 Fig. 12 is an enlarged sectional view of a peripheral wall 

according to another modification. 



Fig. 13 is a partially sectional view of a material 

A. 

employed in a conventional method. 

Fig. 14 is a diagram of a slitting step of slitting the 
25 ^l^^^r^c^rj^ to the conventional method. 



Ql^ Fig. 15 is a diagram of q po - ripheral wall £ u nuiu L)' 

^ j^ f formin ft^ a peripheral wall according to the conventional 

^C^^ method. 



5 DETAILED DESCRIPTION OF THE PREFERHED EMBODIMENTS 

Referring now to the drawing, a preferred embodiment of 
^ , the' invention is described below. 

Figs. 1 to 5 are diagrams showing each step of the 
^ embodiment of a manufacturing method according to the present 

'O 10 invention. 
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Figs, 6 to 10 are diagrams showing a section of the outer 
periphery of the material formed by -fehe each step. 

In this embodiment, a disc-shaped material 10 made of 
metal sheet is previously subject to a drawing process, whereby 
15 as shown in Fig. lA, a swelling portion 11 having a circular 
shape and a flange portion 12 around it are concentrically 
disposed. A center of the swelling portion 11 having the 
circular shape is provided with a round hole 13 formed by 
piercing. The round hole 13 can be employed as a fixing hole 
20 for fixing it a shaft of a rotary rod or the like. 

As shown in Fig. lA, in the disk-si^ape material 10 made 
of a metal sheet, inner portion between the swelling portion 



y r lly^nd the flange portion 12 is QGcid ed as a non-processed 

/, ri .portion J>^. A process for forming a peripheral wall 21 (see 

J) ^ ^ OAi 

25 Fig. 5B) is applied to an outer periphery IS^p^^an outside of 
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^ the non-processed portion jA . A radial width of the outer 



periphery 15 is appropriately predetermined, taking an axial 
length and a thickness of the peripheral wall 21 (see Fig, 5B) 
to be formed into consideration. 

L 

As shown in Fig. lA, the non-processed portion }A ot the 
^(^^^'^m^Xi^rt^ is held between a pair of dies or an upper die 100 
and a lower die 200, and the dies 100, 200 are rotated, thereby 
rotating the. material 10 with the dies 100 and 200. The dies 
100 and 200 are employed in common through all steps shown in 



10^ Figs- 1 to 5. Additionally, a shape and a thickness Tl of the 
non-processed portion jy^ of the^ material 10 are not 
substantially changed by conducting the whole steps. 

As shown in Fig. lA, a first forming roller 300 is disposed 
.™ , to be opposed to the outer periphery 15 of the material 10 held 

S ^ ^ 

15 between the pair of dies 100, 200. A valley-shaped forming 



ay 



surface 310 expanded outwardly and included in the first forming 
roller 300 is moved £ rom - 3 > g ^ial outside to the outer periphery 

H ^ 

15. As shown iit an arrow ''a" in Fig, IB, the first forming roller 
300 is advanced, thereby pressing the outer periphery 15 of the 
20 material 10 in a radially inward direction by means of the 
valley-shaped forming surface 310 (see Fig. lA) . Thereafter, 
the first forming roller 300 is rotated together with the 
^ ^material 10,, the outer periphery 15 is radially reduced in 
Qj rotation while it is axially thickened^ with the result that aj^ 

25 shape having the same shaped outline as the valley-shaped 
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forming surface 310 is formed. Namely, a sectional chevron 
shape having a round top as enlarged and shown in Fig. 6 is formed. 
A chevron portion 16 having such a shape is annularly disposed 
around it so as to extend to either side of the non-processed 

r 5 portion . * * * 

In a next step, as shown in Fig. 2A, a second forming roller 
400 is disposed to be opposed to the chevron portion 16. A 
semi-circular forming surface 410 disposed on the second 

/X/ forming roller 400 is moved from a-£ ^dial outside to the chevron 

? A-/ ^ 

^ ✓ 10 portion 16. As shown %^ an arrow "b" in Fig. 2B, the second 
^ forming roller 4 00 is advanced, thereby pressing the chevron 



m 



portion 16 (see Fig. 2A) in a radially inward direction, on the 
semi-circular forming surface 410. Thereafter, the second 
forming roller 400 is rotated together therewith, whereby the 
15 chevron portion 16 is radially reduced in rotation while it is 
axially thickened, a shape having the same shaped outline as 
the semi-circular forming surface 410 is formed so that a 
sectional face thereof may have a substantially circular shape 
as enlarged and shown in Fig. 7. The substantially circular 



20 portion ^ fc 



formed as mentioned above is annularly disposed 

^ I 

^ ^ around the non-processed portion so as to protrude to -feh^ 
both sides of the non-processed portion ^ , The section of the 
substantially circular portion 16 may be exactly circular or 
shell-shaped though the shape of the substantially circular 
25 portion in Fig, 7 is distorted. 



11 



In a next step, as shown in Fig. 3A, a third forming roller 
500 is disposed so as to be opposed to a substantially circular 
portion 17, a shallow concave forming surface 510 included in 
the third forming roller 500 is moved f rom^^a-^ Qdial outside to 
the substantially circular portion 17. As shown^>j?^n arrow 
"'c" in Fig. 3B, the third forming roller 500 is advanced, the 
substantially circular portion 17 (see Fig. 3A) is pressed to 
a radially inward direction, by means of the concave forming 
surface 510, the third forming roller 500 is rotated together, 
the substantially circular portion 17 is radially reduced in 
rotation while it is axially thickened, with the result that 
a shape having the same shaped outline as the concave forming 
surface 510 is formed as a sectional preliminary peripheral wall 
18 as enlarged and shown in Fig. 8. The preliminary peripheral 
wall 18 having such a shape is annularly disposed around it so 
as to extend to either side or the rton-t^rocessed portion ^>4\ 
The preliminary peripheral wall 18 as illustrated in Fig/^^ff 
is provided with flat portions 18a, 18a on the both ends in an 
axial direction, a swelling portion 18b having a small height 
is disposed on an axial central portion, which is situated more 
outwardly than the flat portions 18a, 18a, and the swelling 
portion 18b has a great curvature so as to swell in an arc- 
shape. The outer peripheral surface of the each flat portion 
18a and the outer peripheral surface of the swelling portion 
18b are smoothly continuous. 
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In a next step, as shown in Fig. 4A, a fourth forming roller 
600 is disposed to be opposed to the preliminary peripheral wall 
18, a groove-shaped forming surface 610 included in the fourth 
forming roller 600, whose bottom surface is flat and shallow, 
is moved from o radial outside to the preliminary peripheral 
wall 18. As shown ^^>n an arrow ^M" in Fig. 4B, the fourth forming 
roller 600 is advanced, the preliminary peripheral wall 18 (see 



Fig. 4A) is pressed radially inward direction on the 

groove-shaped forming surface 610, thereby rotating the fourth 
forming roller 600 therewith, and mainly the swelling portion 
18b (see Fig. 8) of the preliminary peripheral wall 18 is 
radially reduced in rotation, while, a whole of the preliminary 
peripheral wall 18 is slightly axially thickened. 
Consequently, a shape having the same shaped outline as the 
groove-shaped forming surface 610 is formed as a sectional rough 
peripheral wall 19 as enlarged and shown in Fig. 9, the rough 
peripheral wall portion 19 having such a shape is annularly 
disposed around it so as to extend to either side of the 
non-processed portion As illustrated in the figure, the 
rough peripheral wall 19 is not yet well-finished because the 
shape of the end surfaces 19a, 19a of the axial both ends is 
rounded. 

In a next step, as shown in Fig. 5A, a fifth forming roller 
700 is disposed so as to be opposed to the rough peripheral wall 
19, a groove-shaped forming surface 710 included in the fifth 
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forming roller 700, whose bottom surface is flat and shallow, 

is moved from Lfa e rado r al outside to the preliminary peripheral 

wall 19. The groove-shaped forming surface 710 has a shape 

enabling the end surfaces 19a, 19a of the rough peripheral wall 

19 shown in Fig. 9 to be finished accurately, for example, a 

shape enabling the end surfaces 19a, 19a to be exactly shaped. 

As shown i^an arrow ^'e" in Fig. 5B, the fifth forming roller 

700 is advanced, the rough peripheral wall 19 (see Fig. 5A) is 

pressed in a radially inward direction on the groove-shaped 

forming surface 710, the fifth forming roller 700 is rotated 

together therewith, mainly the end surfaces 19a, 19a of the 

axial both edges of the rough peripheral wall 19 are formed in 

rotation so as to make a right angle with the outer peripheral 

surface, which are formed as the peripheral wall 21 having the 

same shaped outline as the groove-shaped forming surface 710. 

The peripheral wall 21 formed in such a manner, is annularly 

disposed around it, so as to protrude to ^bi^te- either side of the 

/ 

non-processed portion^^^". The peripheral wall 21 formed in this 
manner has both end surfaces which are exactly shaped as 

enlarged and shown in Fig . 10 . The peripheral wall 21 is equally 
protruded to either side of the non-processed portion^>4\ The 
outer peripheral surface thereof is axially flat. A thickness 
T2 and an axial length of the peripheral wall 21 shown in Fig. 
10 have each size fitted in a radial width of the outer periphery 
15 of the original material 10. 
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According to the manufacturing method mentioned above, 
the rough peripheral wall 19 formed in the step of Fig. 4B, is 
finished by the finishing step of Fig, 5B, leading to the 
peripheral wall 21 having ^aT high accuracy. Before the 
preliminary peripheral wall 18 formed in the step of Fig. 3B 
is finished leading to the peripheral wall 21, a step of forming 
the rough peripheral wall 19 is interposed. Also, the finishing 
step may be conducted immediately after the preliminary 
peripheral wall 18 is formed, thereby forming the peripheral 
wall 21. As the case may be, after a state wherein the 
non-processed portion J/f^of the material 10 as shown in Fig. 
lA is held between the pair of dies 100, 200, a step wherein 
the preliminary peripheral wall 18 is directly formed on the 
outer periphery 15 may be conducted. Alternatively, a step of 
forming directly the substantially circular portion 17 and a 
step of forming a preliminary peripheral wall 18 may be 
subsequently conducted. Additionally, there is also a case 
wherein a step of forming directly the peripheral wall 21 is 
conducted. 

In the finishing step mentioned above, the peripheral 
wall 21 having fe^»e /^xTalX feoth^ end surfaces which are exactly 
shaped, is formed. However, the shape of the forming surface 
of the forming roller is changed, whereby it is also possible 
to form the peripheral wall 21 having the outer peripheral 
surface extended in an arc shape as shown in Fig. 11, or form 
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the peripheral wall 21 including the flanges 22, 22 protruded 
outwardly on the both ends in the axial direction as shown in 
Fig. 12. 

The annular member having the sectional-shaped 
5 peripheral wall 21 shown in Figs. 10, 11 and 12 can be employed 
as a back side pulley for winding a flat belt. Moreover, though 
it is not shown in figures, a poly-V-groove may be disposed on 
the outer peripheral surface of the peripheral wall 21 in the 
finishing step. The annular member manufactured in such a way, 
10 may be employed as the poly-V-groove pulley for winding the 
poly-V-belt . 

As mentioned above, not only in case that the disc-shaped 

A 



material made of the metal sheet is originally thick, but also 

h ^ 

,_f=, j^/ in case that the material is too thin to be split, the above 

Id ; 

rd 

15 manufacturing method makes it possible to form a peripheral wall 
m ^ . 

m ^ , having a necessary thickness, thereby having, effect of 
facilitating the^ produccd annular member to be lightw o j^ht . 
^^Q/ Moreover, regardless of the thickness of the non-processed 

portion, a remarkable effect of enabling the peripheral wall 
20 to be formed in a state of a desirable thickness can be achieved. 
Therefore, a back surface pulley for supporting a back surface 
of a belt, a pulley with a flange, a pole piece V-groove pulley 
or the like having light weight can be easily manufactured. 
ThQ entire disclooure of JapanccQ Patent Application I^^ . 

^ 25 9 - 272G7G filed o n O rtob er 1 QQ? inrlndinrj erpor-S -Fi r-nl- i r.n ^ 
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^^i>^ claims T diawliiyy — arret — auiiuuaLy — a^fe — -i nr-rN-rpr>>r'::i-hoH herein 
rofGrcn-c e" m ms entirety. 
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